INTRODUCTION
============

Bladder cancer (BC) is responsible for the deaths of 150,000 people annually and is the seventh most prevalent type of cancer worldwide \[[@B1],[@B2]\]. At the time of the first diagnosis, about 70% to 80% of BCs are non-muscle-invasive BCs (NMIBCs) and the remaining 20% to 30% are muscle-invasive BCs (MIBCs). Although both BCs originate from the urothelium in the urinary bladder, they have distinct clinical characteristics. Whereas the overall survival rate of patients with NMIBC is excellent compared with that in other malignancies, 30% to 50% of these patients have recurrences after transurethral resection of the primary tumor, and 10% to 20% progress to MIBC \[[@B3]\]. In the case of MIBC, although only 20% of BC patients are diagnosed with MIBCs, these cancers are responsible for the vast majority of BC-specific deaths. Moreover, nearly 50% of patients with MIBC already have occult distant metastases at the time of diagnosis \[[@B4],[@B5]\]. Thus, patients with NMIBC are at risk of recurrence or progression into MIBC, and the prognosis of patients with MIBC is determined by the presence of metastasis.

The epithelial-mesenchymal transition (EMT) is a multistep process in which epithelial cells lose their epithelial characteristics and gain mesenchymal characteristics, such as motility and invasive properties \[[@B6]\]. Numerous *in vitro* and *in vivo* studies suggest that the EMT is associated with cancer cell invasion and metastasis in various malignancies, including BC. This review describes the role of the EMT in the recurrence, progression, and metastasis of BC. Furthermore, potential targets in the EMT for BC therapy are discussed.

GENERAL CONCEPTS REGARDING THE EMT IN CANCER
============================================

The EMT was first observed during embryonic development \[[@B7]\], but since then interest in this phenomenon has mainly been related to its role in neoplastic progression \[[@B8],[@B9]\]. The EMT is defined as the dynamic switch of a sessile, epithelial cell into a motile cell that has a mesenchymal phenotype ([Fig. 1](#F1){ref-type="fig"}) \[[@B10]\]. It is categorized into three different subtypes \[[@B6]\] on the basis of its function and the pathways that are involved. Type 1 EMT associates with implantation, embryo formation, and organ development and is an organized process that generates diverse cell types that share common mesenchymal phenotypes. Type 2 EMT associates with inflammation and ceases once inflammation is attenuated, as can be seen during wound healing and tissue regeneration. Type 3 or oncogenic EMT occurs in neoplastic cells that have previously undergone genetic and epigenetic changes, specifically in genes that favor clonal outgrowth and the development of localized tumors. Carcinoma cells undergoing type 3 EMT may invade and metastasize, thereby generating the final, life-threatening manifestations of cancer progression. However, the EMT is usually not an irreversible transition, because the cells can return to their epithelial phenotype. This is known as the mesenchymal-epithelial transition (MET) \[[@B11]\].

Epithelial cells have important barrier functions that are facilitated by their tight cell-to-cell interactions \[[@B12]\]. Loss of these cell-to-cell interactions can induce morphological changes in epithelial cells and increase their cellular motility. The most important mediator of cell-to-cell adhesion in epithelial tissues is cadherin, which is a family of cell-surface adherence junctional proteins. The first cadherins to be identified were E-, P-, and N-cadherin \[[@B13]\]. E-cadherin plays an essential role in epithelial cell-to-cell interactions because it mediates the connections between adjacent epithelial cells and maintains the phenotype and apical-base polarity of epithelial cells \[[@B14]\]. To exert these functions, the cytoplasmic part of E-cadherin interacts with β-catenin, which anchors E-cadherin to the actin cytoskeleton, thereby providing mechanical stability to the cell-to-cell junctions \[[@B12]\]. Due to these functions of E-cadherin, this protein is a key tumor suppressor that suppresses the invasiveness of cancer cells \[[@B15],[@B16]\]. A key change that occurs during EMT is the \"cadherin switch,\" in which the normal expression of E-cadherin is replaced by the abnormal expression of N- or P-cadherin \[[@B17],[@B18]\]. This down-regulation of E-cadherin is associated with the release of β-catenin, which then migrates to the nucleus and activates WNT signaling, thereby resulting in the EMT and metastasis \[[@B10]\].

The EMT is also controlled by a group of transcriptional repressors, namely, Zeb-1, Zeb-2, Twist, Snail, and Slug. Snail1, Snail2, Zeb-1, and Zeb-2 are zinc-finger transcription factors that bind directly to the E-boxes of the promoter of the E-cadherin-encoding gene (*CDH1*), thereby repressing *CDH1* expression \[[@B19]\]. Another important EMT regulator is transforming growth factor (TGF)-β: the TGF-β family members may upregulate Snail and Slug and are potent initiators of the EMT in cancer cells \[[@B20]-[@B22]\].

Recent studies suggest that miR-200 family members also participate in the EMT \[[@B23]-[@B25]\]. Loss of miR-200 expression leads to the accumulation of Zeb-1 and Zeb-2, which is sufficient to silence *CDH1* and promote the EMT and tumor invasion \[[@B26]\]. TGF-beta also negatively regulates the miR-200 family. Although the mechanisms involved are still poorly characterized, this negative regulation leads to the accumulation of Zeb-1 and Zeb-2 and the subsequent suppression of E-cadherin expression \[[@B27]\].

Vimentin is an intermediate filament protein that is characteristically upregulated in cells undergoing the EMT. Consequently, it is frequently used as a marker of cells undergoing the EMT during both normal development and metastatic progression \[[@B28]\]. During the EMT, vimentin expression induces epithelial cell changes, including their adoption of a mesenchymal shape and their increased motility.

EVIDENCE FOR THE EMT IN BC
==========================

1. Cadherin
-----------

Cadherin is the most important mediator of cell-to-cell adhesion in epithelial tissues, and E-, P-, and N-cadherin were the first cadherins to be identified \[[@B13]\]. The roles of these proteins in BC-related EMT have been investigated extensively. After reviewing numerous reports on cadherin expression in BC, Bryan and Tselepis \[[@B29]\] summarized the patterns of P-cadherin and N-cadherin expression in the bladder during the EMT as follows. In the normal urothelium, P-cadherin but not N-cadherin is expressed by the basal layer. However, during the EMT, P-cadherin expression by the BC is upregulated along with N-cadherin expression; these events occur either independently or synchronously. E-cadherin expression in BC cells is lost after these P- and/or N-cadherin expression changes, and invasion and metastasis are induced. This cadherin switching event is an important process that occurs late in the molecular pathogenesis of BC, although the precise timing and nature of these events remain unknown.

The two pathological types of BC also have different cadherin protein expression patterns \[[@B29]\]. While the mucosal layer in normal urothelium expresses E-cadherin strongly, 20% of Ta and up to 60% of T1 tumors show reduced E-cadherin expression in NMIBC. However, in more than 80% of MIBCs, E-cadherin expression is reduced or completely absent. Similarly, while the normal urothelium usually shows weak basal membranous staining of P-cadherin, and 80% of Ta/T1 tumors also have this weak basal membranous expression, 50% to 88% of advanced MIBCs demonstrate strong P-cadherin expression throughout the tumor mass. In terms of N-cadherin, the normal urothelium does not express this protein at all and over 80% of Ta/T1 tumors also lack N-cadherin expression. However, over 60% of advanced MIBCs express N-cadherin \[[@B29]\].

2. Transcriptional repressors
-----------------------------

Several transcription factors are differentially expressed in BC. Twist expression is associated with a poorer prognosis in BC. Moreover, Fondrevelle et al. \[[@B30]\] demonstrated that Twist expression correlates with reduced E-cadherin expression and higher BC stages and grades and is significantly upregulated in metastases compared with primary BCs. This suggests that Twist may play an important role in BC progression and metastasis. Fondrevelle et al. \[[@B30]\] also found that Twist expression is associated with smoking, which is an important risk factor for BC. Wallerand et al. \[[@B31]\] also suggested that Twist expression is linked to variables that associate with a poor prognosis.

Unlike Twist, the roles of Snail, Zeb-1, and Zeb-2 in BC are not clear. However, when Yu et al. \[[@B32]\] investigated Slug, Snail, and Twist expression in BC, they found that Slug and Twist expression is increased in BCs, whereas that of Snail seems to be reduced. Twist expression also rises as the tumor stage, grade, and progression increase. Moreover, as nodal involvement rises, Slug expression increases while Snail expression drops. In addition, E-cadherin expression drops as the tumor grade rises. Positivity for Twist, Slug, and E-cadherin expression is clearly predictive of poorer survival. However, a study by Bruyere et al. \[[@B33]\] showed contrary results in terms of Snail expression in BC. They reported that high Snail expression in NMIBC is a strong predictor of tumor recurrence and could be used to improve risk stratification and prognostication. A study by Kenny et al. \[[@B34]\] that examined the role of Zeb-1 and Zeb-2 expression in BC also returned inconsistent results. First, they showed the novel expression of Zeb-1 in BC but found that it did not associate with any clinical variables of change, including metastasis and survival. However, their *in vitro* assays then showed that when Zeb-1 expression was induced in BC cell lines by forced expression or blocked by shRNA knockdown, the migration and invasion abilities of the cells were enhanced and reduced, respectively. Kenny et al. \[[@B34]\] concluded that despite the differences between the BC cell lines and tissues, Zeb-1 expression is a prognostic indicator of BC progression.

3. microRNAs
------------

microRNAs may regulate the EMT, with the miR-200 family being the most well-known EMT regulator. An *in vitro* study with several BC cell lines found that miR-200 levels were increased in epithelial BC cell lines (UMUC5, UMUC9, UMUC6, and UMUC16) and decreased in mesenchymal BC cell lines (KU7, UMUC2, UMUC3, and UMUC13) \[[@B35]\]. This study also showed that increased expression of the miR-200 family directly suppresses Zeb-1 and Zeb-2 expression and the EMT. Thus, the miR-200 family may be a treatment target that reverses the EMT.

Like the miR-200 family, miR-205 also associates with EMT regulation. Wiklund et al. \[[@B36]\] reported that in MIBCs and undifferentiated BC cell lines, miR-200 and miR-205 loci are often silenced and have promoter hypermethylation. They also suggested that miR-200c expression correlates significantly with NMIBC progression. Thus, miR-200 and miR-205 silencing and DNA hypermethylation may be prognostic markers in BC. In addition, TWIST1 binds directly to miR-200 and miR-205 promoters and thus may act as a repressor of miR-200 and miR-205 expression. Recently, Tran et al. \[[@B37]\] reported that high miR-205 expression is associated with adverse clinical outcomes in patients with MIBC, such as poor cancer-specific and overall survival.

Urinary microRNAs are of particular interest in BC research because BC tissues are directly bathed with urine. When we assessed the diagnostic value of urinary miR-200a in 207 patients with primary urothelial cancer in the urinary bladder, we found that the patients with lower miR-200a levels had a higher risk of recurrence than did the patients with higher miR-200a levels \[[@B38]\]. In addition, univariate and multivariate Cox regression analyses showed that the urinary miR-200a level was an independent predictor of NMIBC recurrence. Similarly, when another study investigated the expression of microRNAs in the urine sediment of patients with BC, many markers of the EMT (including Zeb1, vimentin, TGF-β1, and RhoA) associated negatively with several miRNA targets whose urine levels were significantly lower in patients with BC (miR-200a, miR-200b, miR-200c, miR-141, miR-429, miR-205, and miR-192) \[[@B39]\].

4. Other lines of evidence for the EMT in BC
--------------------------------------------

Several reports suggest that vimentin associates with BC grade and stage. When Baumgart et al. \[[@B40]\] subjected 825 BC samples to immunohistochemical staining for E-cadherin, plakoglobin, β-catenin, N-cadherin, and vimentin, they found that vimentin expression was mainly detected in invasive BC (31% in MIBC vs. 7% in NMIBC) and was positively associated with tumor grade and stage. Paliwal et al. \[[@B41]\] also suggested that the immunohistochemical expression of cytokeratin, E-cadherin, vimentin, and Twist correlates with BC stage and grade.

THE EMT AS A THERAPEUTIC TARGET FOR BC
======================================

The various lines of evidence discussed above indicate clearly that the EMT is strongly associated with aggressive BC behavior, such as recurrence, progression, and metastasis. This raises the possibility that the EMT may be a target for BC treatment. As mentioned above, E-cadherin is the first and most important regulator of the EMT. In BC, loss of E-cadherin expression is a marker of poor responses to the monoclonal antibody cetuximab, which blocks EGFR binding and thereby down-regulates BC proliferation \[[@B42]\]. Thus, E-cadherin expression levels can predict responsiveness to EGFR-targeting therapy. In addition, when we investigated the chemo-responsiveness of patients with MIBC to cisplatin-based chemotherapy (manuscript submitted for publication), EGFR and S100A9 levels were found to be predictive of chemo-responsiveness. Moreover, the inhibition of EGFR and S100A9 re-sensitized BC cells to cisplatin-based chemotherapy. One of the possible mechanisms of this effect may be the reversal of the EMT. Another possible EMT target in BC may be miR-200 family members, which can control the EMT and resistance to EGFR inhibitors in human BC cells. Adam et al. \[[@B35]\] suggested that miR-200 family expression can be used to identify EGFR inhibitor-sensitive urothelial cancers and that EGFR inhibitor resistance can be reversed by reintroducing miR-200 expression. Another study also showed that exogenous miR-205 can repress Zeb-1 and Zeb-2 levels in BC cells and reverse the EMT by enhancing E-cadherin expression \[[@B37]\]. Therefore, miR-205 may be useful as a BC treatment.

EMT reversal may be associated with the responsiveness of high-risk patients with NMIBC to Bacillus Calmette-Guérin (BCG) treatment. This association may relate to tumor necrosis-related apoptosis-inducing ligand (TRAIL), because Ludwig et al. \[[@B43]\] reported that whereas BCG-treated patients initially had undetectable TRAIL levels, these levels were high after later induction treatments. Moreover, the patients who responded to BCG therapy had significantly higher urine TRAIL levels, which killed BC cells in an *in vitro* study. Therefore, TRAIL plays a key role in the antitumor effects of BCG treatment. Although there is no evidence of a direct association between TRAIL and the EMT in BC to date, Srivastava et al. \[[@B44]\] demonstrated that a histone deacetylase inhibitor sensitizes TRAIL-resistant breast cancer cells and reverses the EMT. Other studies have also reported a relationship between TRAIL and the EMT in pancreatic and nasopharyngeal cancers \[[@B45],[@B46]\]. Therefore, controlling the EMT and elevating TRAIL levels may enhance the response of NMIBCs to BCG treatment as well as reversing their BCG resistance.

The mesenchymal-associated protein N-cadherin is upregulated during the cadherin switch in the EMT. Whether blocking N-cadherin can reverse the EMT has been assessed in several cancers \[[@B47],[@B48]\]. Shintani et al. \[[@B47]\] reported that in a mouse model of pancreatic cancer, treatment with an N-cadherin-blocking peptide (ADH-1) prevented N-cadherin-mediated tumor progression. Thus, it is possible that such N-cadherin-targeting therapy may be beneficial for patients with BC, especially those with high-risk NMIBC or MIBC.

As previously mentioned, Twist associates clearly with the clinical outcomes of BC, and 40% to 60% of BCs overexpress Twist protein \[[@B31]\]. Moreover, Twist associates with chemo-resistance in BC and ovarian cancer \[[@B49],[@B50]\]. Therefore, Twist-targeting therapy may not only improve chemo-sensitivity, but may also be an important component of cancer treatment.

CONCLUSIONS
===========

The EMT is regarded as a key evolutional change in cancer cells that allows them to migrate to adjacent organs or metastasize to distant sites. In BC, the EMT is closely associated with grave clinical characteristics, such as recurrence, progression, metastasis, and poorer survival. However, the EMT is usually not an irreversible process and strategies that induce EMT reversal (which is known as the MET) may be able to suppress cancer cell migration and metastasis. Therefore, a better understanding of the molecular biological mechanisms of the EMT in BC is likely to greatly expand the development of new therapeutic modalities for this cancer. Moreover, EMT-targeting therapy may also be useful as a personalized medicine approach that complements conventional BC treatments or reduces chemo-resistance, although more studies on this issue are needed.
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